IntroductIon
Type 2 diabetes mellitus is a metabolic disease of epidemic proportions in the United States, 1 but can be prevented and modified by regular physical activity (PA). [2] [3] [4] The American Diabetes Association guidelines 5 recommend that adults with type 2 diabetes perform at least 150 min/week of moderate-to-vigorous intensity aerobic physical activity (MVPA, defined as 50%-70% of the maximum heart rate), spread over at least 3 days/ week with no more than 2 consecutive days without exercise. 5, 6 However, despite the establishment of physical activity guidelines, data from the U.S. Centers for Disease Control and Prevention (CDC) reveals that 36.1% of US adults with diabetes report no physical activity within the previous 30 days. 7 In one study of pre-diabetic patients, prescription of at least 150 minutes of physical activity per week yielded 16% reduction in developing type 2 diabetes mellitus for every kilogram lost. 8 Also, structured physical exercise interventions of at least 8 weeks in duration have been found to lower hemoglobin A1c (HgbA1c) levels regardless of weight loss; 9 furthermore, physical activity may overcome the adverse effects of sedentariness. 10 However, many of these prior studies lacked inclusion of nonWhite US populations, 11 which is particularly of concern since African American and Hispanic populations have a higher prevalence and dis-
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Physical Activity Among Patients with Diabetes -Bazargan-Hejazi et al ease burden of diabetes than their non-Hispanic White counterparts. 1, 7 Joseph et al showed that, in a multiethnic cohort, the incidence of type 2 diabetes was inversely associated with the extent of physical activity, and varied with race/ethnicity. 11 However, most other studies lacked sufficient sample sizes of non-White race/ethnic groups.
In addition, most early studies estimated physical activity levels using self-reported surveys, which are prone to significant reporting bias, use has increased exponentially over time. 16 While both subjective and objective measures of physical activity have demonstrated cultural validity and reliability, 17 there is a clear discrepancy between these methods of measuring the physical activity of the US adult population. [18] [19] [20] This discrepancy also extends to comparisons between race/ethnic groups. For example, using data from the National Health and Nutrition Examination Survey (NHANES) 2005-06, Tucker et al showed that Mexican Americans had the lowest level of self-reported physical activity but the highest level of objectively measured physical activity, when compared with Whites and African Americans. 21 Previous studies comparing subjective and objective measures of physical activity also have not specifically focused on individuals with diabetes.
In our study, we report racial/ethnic differences in meeting the recommended physical activity as measured by subjective self-report (500 metabolic equivalents (MET)-minutes/week) and objective accelerometer measurement (150 minutes per week of MVPA) among US adults diagnosed with type 2 diabetes mellitus. We also examine the racial/ethnic differences with respect to the magnitude of the discrepancy between self-reported and objectively measured MVPA.
Methods

Study Design and Sample
We conducted a cross-sectional study using data from the NHANES 2003-06. 22, 23 We analyzed datasets from individuals who: 1) were aged ≥18 years and 2) had diabetes based on: a) physician-diagnosed diabetes mellitus; b) were taking insulin or oral diabetes medication(s); c) had a HgbA1c level > 6.5%; or d) had a fasting glucose level >126 mg/dL. We chose to use NHANES data from 2003-2004 and 2005-2006 , since only during these two waves were accelerometers used to objectively measure physical activity, together with self-reported data, allowing for a direct comparison of physical activity using both methods. 14, 19, 24 NHANES uses a multi-stage probability cluster sampling design to provide nationally representative data on a variety of health risks and behaviors. All counties within the United States served as the sampling frame for NHANES. Racial/ethnic group was a factor of selection. To increase the precision of estimates for certain subdomains, oversampling was carried out for adolescents (aged 12-19 years), older Americans (aged ≥60 years), Mexican American persons, and the Black population. In addition, in NHANES 2000-2006, pregnant women and all others at or below 130% of the poverty level were also oversampled.
The racial/ethnic groups comprised the following: Hispanic (including Mexican Americans), non-Hispanic White, non-Hispanic Black, and other non-Hispanic race/ethnicity including non-Hispanic multi-racial. We excluded other non-Hispanic race because of small sample size, and combined Mexican American and Other Hispanic as Hispanic group. We included only data from participants who had collected ≥4 days of calibrated accelerometer data, and had completed the physical activity questionnaire.
attributable to factors such as social desirability bias, inability to capture valuable contextual physical activityrelated information, 12, 13 as well as the cognitive challenges of accurately estimating frequency, intensity, and duration of physical activity. 14, 15 Accelerometers were introduced to research in the 1980s to objectively measure physical activity, and their 
Measures/Variables
An Actigraph model 7164 21 was used by NHANES to collect objective MVPA data. Participants were instructed to wear the accelerometers over their right hip with an elastic band around their waist. The device was to be worn only during waking hours, and removed prior to sleep as well as during any activities causing it to be submerged in water. Devices were worn for up to 7 days and mailed back to the manufacturer to verify proper calibration. The accelerometer measured vertical acceleration as counts per minute (CPM), reflecting the intensity of movement. Participants were instructed to return the activity monitors by mail using the postage-paid padded envelopes provided; details about the return rate for the Actigraph were not available, but participants received $40 remuneration after their monitors were returned.
For self-reported data collection, surveys were available in both English and Spanish and were administered by bilingual staff, as appropriate. All activities surveyed were of at least moderate intensity (>3 METs, as referenced by the Compendium of Physical Activities). 19 The survey asked participants to estimate the frequency and duration of participation in a given activity within the past 30 days, and included specific activities such as running, basketball, baseball, etc. Importantly, all questions pertained to activities that were performed for at least 10 minutes in duration.
Outcome Variables
Self-report physical activity levels were calculated as MET-minutes. Total MET-minutes of physical activity were calculated by multiplying the physical activity volume (duration x frequency) of each activity per week by its corresponding MET value. Participants with 500 MET minutes/week or more were categorized as meeting the recommended guidelines.
Objectively measured MVPA was defined as >2,020 CPM, 17 with bouts of at least 10 minutes in duration, while also allowing for rest of up to 2 minutes below this threshold within each 10-minute bout. 21 We used the create. The mean duration (minutes) of accumulated moderate and vigorous activity per day from all valid days (in which the participant wore the monitor for 10+ hours) was calculated, then multiplied by 7 to get a weekly average. The accelerometer outcome measure was computed to create a measure that would parallel the self-report MET-minute variable (METPA). Accelerometer counts were fırst converted into METminutes using a published equation developed for the Actigraph. 12 
Independent Variables
The study's main independent variable was race/ethnicity categorized as non-Hispanic Whites (White), nonHispanic Blacks (AA), and Hispanics (Hispanic) as defined above. Other covariates were sex, age, income level, education level, BMI, and number of chronic diseases. To assess chronic conditions, participants were asked if they had ever been told by a doctor or other health professional if they had any of the following conditions: arthritis, coronary heart disease, stroke, congestive heart failure, myocardial infarction, emphysema, chronic bronchitis, asthma, and cancer. Responding "Yes" to any of the above conditions derived a binary variable (yes/no) for "any chronic disease."
Statistical Analyses
We conducted descriptive analyses to describe characteristics of the study population and bivariate analyses using chi-square tests or t-tests to determine the statistical difference in proportion of the participants who met MVPA in self-report and/or accelerometer measurement by racial/ethnic groups and other sample characteristics (sex, age, education level, BMI, and chronic conditions). We used unadjusted and adjusted modified Poisson Regression, 25 controlling for age, sex, education level, income level, and BMI (model 2), as well as the number of chronic conditions (model 3) to explore the independent associations between measures of physical activity and race/ethnicity groups. Statistical significance was indicated by P<.05, prevalence ratio (PR) and 95% CI. Data were analyzed using SAS (Release V.9.2, 2008; SAS, Inc.). Sample weights, provided by the National Center for Health Statistics, were used to correct for differential selection probabilities and to adjust for non-coverage and non-response.
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A total of 871 participants provided complete data that met all inclusion criteria for our study. Of the full study sample, 71.2%, 15.7%, and 13.1% were White, African American, and Hispanic, respectively. Slightly more than 50% were female, 60.6% were aged <65 years, and 55% were obese (Table 1 ). Based on selfreport, 67.1%, 39.2%, and 55.1% of Whites, African Americans, and Hispanics, respectively, met the 500 MET-minutes/week threshold of physical activity (P<.0001, Table 2) , and by accelerometer, 44.2%, 42.6%, and 65.1% of Whites, African Americans, and Hispanics, respectively, met the threshold (P<.0003). Table 2 also shows the associations of study variables with achievement of the recommended threshold. By self-report, being male and having an income >200% of federal poverty level (FPL) were significantly associated with achieving MVPA; and by accelerometer measures, being male, aged <65 years, having an income >200% of FPL, education ≥ high school, and absence of comorbid conditions were all significantly associated with achievement of the recommended threshold.
As depicted in Figure 1 , Y-axis, Whites had the highest self-reported MVPA estimate (ie, the frequency of MET minutes per week), but Hispanics had the highest level of objectively measured MVPA. The overestimation by self-report was largest in Whites (251.7 MET-minutes / wk), (P<.01). Figure 2 shows pairwise comparisons of the proportions of each racial/ethnic group meeting the recommended threshold of 150 minutes per week of MVPA, based on objectively measured data. There was no significant difference between Whites and African Americans (P=.755). However, Hispanics met the threshold significantly more than both Whites and African Americans (P<.01 for both comparisons). Table 3 shows the multivariate adjusted associations of race/ethnicity and achievement of the recommended MVPA goal, based on self-report and objective measures. Using stepwiseadjusted modified Poisson Regression models, African Americans had significantly lower likelihood of selfreporting meeting the MVPA goal compared with Whites, independent of all covariates. Hispanics, on the other hand, had higher likelihood of objectively meeting the MVPA goal from the unadjusted model (PR=1.35 
dIscussIon
We found that in this nationally representative study of type 2 diabetes mellitus patients, a considerable proportion do not meet recommended physical activity levels. African Americans with type 2 diabetes mellitus had the lowest proportion of individuals meeting both the self-reported and objectively measured levels of recommended physical activity. Multiple Diabetes Prevention Program (DPP) lifestyle intervention adaptations, including the Group Lifestyle Balance (GLB) program, have been effective in lowering diabetes risk factors; however, evidence of implementation of such programs in Afri- 
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can American populations is sparse. We also found that White patients with type 2 diabetes mellitus significantly overestimated their level of physical activity by way of reporting frequency of MET minutes/ week, while their Hispanic counterparts significantly underestimated it when CPM by accelerometer measures were used. Our findings also reveal that the gap between the two measures of MVPA was largest in Hispanics. This might point to interracial differences in the way that daily physical activity is perceived, or the way different racial/ethnic groups regard the role that physical activity plays (or should be expected to play) in everyday life. Such differences in attitudes toward physical activity should also be further explored.
Our data show that there were no significant differences between Whites and African Americans in meeting the recommended thresholds based on objectively measured data, even though by subjective self-report, African Americans were less likely to achieve the recommended level of MVPA. The reasons that underlie this discrepancy remain unclear, but at least in our analyses, they appear to be unrelated to differences in demographic factors or the burden of chronic diseases. Conversely, we found that significantly more Hispanics achieved the recommended threshold compared with both Whites and African Americans by objective measurement (but also not by subjective report), but this difference disappears after controlling for demographic variables and the burden of chronic diseases.
The greater MVPA level of Hispanic participants is consistent with the previous NHANES 2003-04 data of Toriano et al, who found that Mexican Americans had higher levels of total weekly MVPA compared with Whites and African Americans, although the difference they saw was negated if the data were modified to only count bouts of physical activity >30 minutes. 19 The study by Tucker et al using NHANES 2005-06 data also showed that Mexican Americans had the lowest self-reported physical activity but highest measured physical activity when compared with Whites and African Americans, 21 which is also consistent with our findings. Our observation that Hispanics are more likely to achieve the 
recommended weekly physical activity goal suggests that physical activity level is not the sole factor influencing their overall burden of metabolic disease. Further studies will clearly be needed to control for multiple other confounding factors such as diet/ nutrition and/or medication usage. Additionally, while initially our findings show that discrepancy between self-reported and objective measured physical activity is greater in Hispanics than Whites and African Americans, such discrepancy disappeared in the multivariable regression after controlling for age, BMI, education, income, sex, and any chronic disease.
Limitations
Our findings may be subject to some limitations. The self-report survey did not account for occupationrelated physical activity, which may have confounded the accuracy of selfreport differentially for racial/ethnic groups that may differ according to traditional "blue-collar" or "whitecollar" occupations. The accelerometer used in NHANES was a unidirectional accelerometer and because it was not waterproof, we could not account for aquatic activities such as swimming. Nevertheless, this limitation was the same for all participants, so comparisons across participants adults, 26 and thus, it may not have accurately accounted for the decline in exercise tolerance in older adults. 19 Moreover, our results from participants with diabetes limits its generalizability to the general population.
conclusIon
Our findings show that a considerable proportion of type 2 diabetes mellitus patients do not meet recommended physical activity levels. African Americans with type 2 diabetes had the lowest proportion of meeting both self-reported and objectively measured levels of recommended physical activity. Our study also highlights discrepancies between self-reported and objectively measured physical activity. Our findings showed that, compared with Hispanics and African American participants, Whites had the greatest discrepancy in self-reporting levels of physical activity. That is, White patients with diabetes overestimated their level of physical activity (selfreported frequency of MET minutes/ week), while their Hispanic counterparts significantly underestimated it when CPM by accelerometer measures were used. Also, the gap between the two measures of MVPA was greatest among Hispanics. A better understanding of racial/ethnic differences in physical activity among patients with diabetes will enable physicians to better tailor treatment strategies for their patients. More routine use of objectively measured physical activity tools should also be encouraged to more accurately understand these factors. Objective mea- should still be valid. Body placement of the accelerometer at the waist also may have underestimated activity that was restricted to upper body movement or movements with extra effort such as walking uphill or carrying loads. 21 Also, the 2,020 CPM threshold for defining moderate physical activity was developed using treadmill and walking data from four studies that included mostly young Physical Activity Among Patients with Diabetes -Bazargan-Hejazi et al surement of physical activity is now easily available through cell phones and wristband devices, and they can be used to improve an understanding of the roles of physical activity.
